Introduction
The links between buildings and health have long been known. The potential for the built environment to support health and wellbeing was, for example, tackled in the 19th century by various government initiatives or enlightened benefactors, and also explored by early 1900s pioneers, including Le Corbusier, Frank Lloyd Wright and Ebenezer Howard. Indeed, the combination of regulation and policies to tackle unsanitary conditions in buildings, along with advances in medicine, has helped address some of the health issues associated with sub-standard buildings. However, many countries now face new public health challenges including those arising from ageing populations and chronic diseases, some of which can be exacerbated by environmental factors -thus a renewed interest in housing and health. 1 At the same time, environmental issues, such as air pollution and climatic changes, also pose a new health threat. This can be at least in part mitigated by buildings, although the opposite can be true. Indeed, climate change mitigation strategies such as energy efficiency can have unintended consequences such as the potential to deteriorate indoor air quality, if not properly implemented. 2 Regulation, building products, design solutions and academic evidence are now focusing on tackling these new public health and environmental challenges.
A particular focus is on synergies or tradeoffs between 'healthy' and 'green buildings', with a new wave of research and practice dedicated to understanding how buildings may be able to enhance wellbeing and/or productivity, as opposed to simply reducing negative environmental impacts and health risks. 3 
Metrics and data
As the field becomes more mature, so the need and opportunity grow to be more specific about the environmental conditions that affect us, and the effects they have. The recent update to CIBSE TM40 Health and Wellbeing in Building Services 4 highlights this by defining environmental criteria based on a review of existing healthbased guidelines, regulations and best practice guidance. The recommendations are expressed in terms of building performance outcomes for key environmental factors, using a number of metrics, for example, pollutant levels in the case of air quality, or recommended ranges and maximum exceedance levels of operative temperature in the case of thermal conditions. This focus on metrics aims to encourage more rigour and avoid the sole use of design measures (e.g. ventilation rates), indicators (e.g. total volatile organic compounds), occupant perceptions (e.g. smells, complaints of 'stuffiness') or self-reported non-specific symptoms, in favour of environmental parameters which can be more precisely linked to health outcomes, and which can be expressed as metrics and monitored. This is still very much subject to developments, in a very active research field: our knowledge of how individual environmental factors affect health, comfort and cognitive performance is still evolving, both in terms of identifying and understanding the effects, and defining precisely the factors and exposure levels behind these effects. In some areas, such as water and air pollution, our understanding of the influencing parameters is reasonably well established, although some pollutants may yet be discovered, e.g. emerging air pollutants from consumer products or the impact of plastic nano-particles in water. By contrast, our understanding of how light affects us is still very impartial, with active research in non-visual effects including which characteristics of light affect us, how they do so, and how this may vary with the timing and duration of exposure. This research gap is illustrated by the recurrence of light as a theme in the papers of this Special Issue, such as Van Creveld et al., which presents a review of the main approaches to 'circadian lighting', including the emerging Circadian Stimulus approach, and compares a range of outdoor and indoor environments against a set of visual and non-visual metrics. They find that environments with high levels of daylight tend to perform well for both, with in particular Circadian Stimulus seemingly loosely following cylindrical illuminance. Oner et al. also investigate lighting conditions but through the lens of its effects on our performance, attempting to identify correlations between lighting conditions (expressed by daylight illuminance), physiological responses (e.g. blink rate and duration) and cognitive performance (assessed by objective tests and self-reported performance). As expected, it finds a correlation between eye closure and vigilance and attention, which can be improved with shading against glare; the findings also indicate that, depending on whether illuminance levels are high or low, different physiological ocular variables may potentially be used as proxy indicators of performance.
Another area of active research is understanding how a combination of factors affects us: most research and guidelines typically focus on exposure to single factors rather than exposures to several ones. However, in dayto-day life, people are exposed simultaneously to a variety of environmental factors, which change over time independently or in synergy.
Examples of this include exposure to air pollution and noise in locations near busy roads, or the effects of cold, damp and inadequate ventilation in low-quality housing. In this case, rather than seeking to establish complex multipleexposure guidelines, it is probably most useful for designers to adopt a precautionary approach, deploying holistic design approaches which try to balance multiple factors. Brembilla et al. provide a potentially very useful development in this area, with results showing how weather files which better represent irradiation data may help design for good daylight levels while also minimizing overheating risk. This work highlights how, even in the relatively well-established field of modelling for overheating and the visual effects of light, valuable developments are still needed to transform research and fundamental knowledge into useful applications for practitioners.
Flores-Villa exposes some of the difficulties of assessing health effects: when investigating the correlation between daylight exposure and sleep quality, their results are inconclusive, with no significant difference between selfreported sleep quality in winter and summer, despite markedly different exposure. This may partially be due to their relatively limited sample size or to inherent difficulties associated with characterizing wellbeing outcomes whereby the use of different sleep quality evaluation approaches may expose some apparent contradictions between them. This is an area where technological development may help, with non-intrusive sensors and ways to measure our physiological responses increasingly available, opening the potential for more consistent, systematic and large-scale gathering and analysis of data -although the reliability and validity of these tools is not yet always fully tested.
Advances in technology can lead to promising avenues, and it is hoped that 'smart' buildings as well as consumer devices can help significantly advance our understanding of environmental factors and their health effects by supporting the gathering of data on building performance as well as on lifestyles and health outcomes. There is a need for two types of data: detailed building-level case studies take account of context, highlight the complex interplay of individual circumstances, provide feedback on design strategies and inform future practice. In addition, large-scale and long-term analysis across several buildings provides generalizable findings and can ultimately inform built environment and public health policy.
Unintended consequences of a strong focus on metrics and data
Whilst it is absolutely true that the development of suitable and implementable metrics, as well as the availability of data to develop such metrics and test their health impacts, are paramount in order to deliver 'healthy' buildings, unintended consequences are also possible. There are at least three types of risks arising from an overly strong focus on metrics and data.
The first issue is the most obvious and well known: despite best intentions, performance metrics can become the sole driver, leading to wrong design choices in an effort to deliver performance through an empty 'tick box' exercise. A clear parallel can be found in energy efficiency metrics or other environmental aspects: many readers may know examples of environmental certification systems being misused with adverse consequences for the environment, something confirmed by research evidence. 5 There is a second, and perhaps subtler, issue connected to the well-known inherent risk of any performance-based approach: it is not possible to define performance without specifying the boundary of interests, i.e. most metrics focus on a specific scale only (e.g. building level, or urban level, etc.). Whilst this is inevitable, it also means that choices may be made on the basis of metrics which may benefit occupants of a specific building but not necessarily the health or wellbeing of the local or wider community.
There are also limitations inherent to restraining environmental factors to quantifiable metrics: in some cases, more qualitative and subjective approaches are needed, as illustrated by Nezamdoost and Modarres Nezhad in their investigation of hospital patients' preferences for views: using a systematic approach to describing view characteristics, their findings support the growing evidence base that views of nature tend to be greatly preferred, but they also add a layer of nuance and refinement by illustrating how other view characteristics, such as depth, can be appreciated too. Thirdly, it is important to note that many health and wellbeing metrics currently in use are only pertinent to the general population. Research into specific groups seeks to gradually address this, for example, Flores-Villa et al. focus on the elderly population, whose largely indoor lifestyle, with low exposure to natural light, is increasingly seen as an explanation for their tendency to have poor sleep quality. Therefore, some groups may be inadvertently excluded from the wellbeing agenda, often because data from those groups -who may be the most vulnerable -is harder to obtain. This is also true for data arising from new technologies which may only be adopted by certain segments of the population and may therefore give answers not necessarily applicable to other groups. In this sense, an obtuse reliance on metrics and available data can result in embedding environmental and health inequalities in the built environment, unless a determined effort is made to include the needs of disadvantaged groups.
Future challenges and conclusions
There are still significant areas where our understanding of how to define and deliver environmental conditions could improve our health, comfort, wellbeing and cognitive performance. Key areas include: improving our understanding of conditions best suited to a range of populations; assessing the impact of and designing for exposure to a range of environmental stressors, as an evolution from current guidelines which tend to respond to one factor alone; and building our knowledge of impacts and solutions in sectors where the business case may be less immediate but where the needs and impacts may be greatest, for example schools and the existing housing stock. Technological developments offer the potential for a deeper understanding and monitoring of health outcomes. While some aspects of data gathering and protection of privacy are covered in the European Union by General Data Protection Regulation, there will be a need for researchers and practitioners alike to carefully consider the ethical implications of collecting or using data which, regardless of anonymization, may still constitute an excessive intrusion into people's lifestyles and activities.
This complex and rapidly evolving field also points to the need to review the education of built environment professionals, not only in terms of the content of their curriculum but also to better understand and inform how they interpret and apply health and wellbeing considerations in a design brief. This is looked at by Oliveira et al., whose findings indicate how by their very nature, health and wellbeing design considerations can be deeply affected by personal experiences and priorities as well as fact-based knowledge and analysis. This sets a challenge to educators, who need to capitalize on this personal involvement while promoting a science-based and rigorous approach.
